Psychrotrophic bacteria are widespread in natural and artificial environments, such as marine habitats (2, 36) , soil (12, 36) , and refrigerated foods (14, 28) . The cold stress response of certain procaryotes at the protein level has been studied in either cold-shocked or steady-state cultures at various temperatures (1, 17, 21, 27, 32, 33, 35, 46) .
After a temperature shift from 37 to 10ЊC, Escherichia coli accumulates CspA, a small protein with a molecular mass of 7.4 kDa, to up to 13% of the total protein synthesized de novo within 1 to 1.5 h. This rate then decreases to a low basal level (13, 18, 21) . As a consequence of this dramatic temperature induction, CspA was subsequently designated the major cold shock protein and the encoding gene, cspA, was cloned and sequenced (13) . Comparable genes have been identified in Bacillus subtilis, cspB (47) , and Streptomyces clavuligerus, sc7.0 (3) . Their identity to CspA is around 60% at the amino acid level (19) . Furthermore, all of the proteins mentioned above exhibit a high level of homology (approximately 43%) to the cold shock domain of eucaryotic DNA-binding proteins such as YB1 (9) or FRGY2 (45) . These proteins are transcription factors binding to the Y-box motif CTGATTGGCCAA, which is involved in gene regulation (19) . The ability to specifically bind single-stranded DNA containing this motif or its complementary sequence, CCAAT, was shown for CspA and CspB (15, 30, 39) , and it was demonstrated that CspA acts as a transcriptional enhancer of at least two other cold shock-induced proteins, H-NS (25) and GyrA (20) . CspA and CspB also possess highly conserved RNA-binding motifs, RNP1 and parts of RNP2 (6, 29, 39) . Therefore, they are considered putative RNA-binding proteins (19) .
Recently, four genes highly homologous to the gene of the E. coli major cold shock protein, CspA, were identified in E. coli and named cspB, -C, -D, and -E, indicating a gene family (26, 49) . These genes encode proteins of about 70 amino acid residues, with 46 to 79% identity to CspA. By using lacZ fusions, not only cspA but also cspB was found to be cold shock inducible (26) . All proteins of this family contain the conserved amino acids responsible for DNA binding as well as the RNAbinding motifs. Two of them, CspC and CspE, were found to be multicopy suppressors of MukB, a protein involved in the chromosome partitioning mechanism of E. coli (49) .
In this study, we describe the major cold shock protein of a psychrotrophic Bacillus cereus strain, designated CspA of B. cereus, along with five very similar small proteins with DNAand RNA-binding motifs, forming the B. cereus cold shock protein family. They were identified at the protein as well as the nucleic acid level. We also show that at least two members of the family are DNA-binding dimers in vitro, dissociating into their monomers at higher salt concentrations.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Bacterial strains, phages, and plasmids used are listed in Table 1 . B. cereus was cultivated aerobically in plate count broth (5 g of casein peptone, 2.5 g of yeast extract, 1 g of glucose [each per liter; adjusted to pH 7.0]) at 30 or 7ЊC. E. coli was grown in Luria-Bertani (LB) medium with or without ampicillin (100 g/ml) at 37ЊC. For phage lysate preparation, the LB medium was supplemented with 10 mM MgSO 4 and 0.2% (wt/vol) maltose.
Preparation of intracellular protein.
To isolate cytosolic proteins, B. cereus WSBC (Weihenstephan Bacillus collection) 10201 was grown aerobically in volumes of 200 ml at 7 or 30ЊC. Cells at the mid-log phase (optical density at 600 nm, 0.4 to 0.6) were harvested (10,000 ϫ g, 15 min, at 30 or 7ЊC), washed in Tris-HCl buffer (20 mM; pH 7.5), resuspended in 3 ml of cell extraction buffer (20 mM Tris-HCl [pH 7.5], 0.1 mM dithiothreitol, 0.1 mM protease inhibitor [Pefabloc; Boehringer Mannheim]), and disrupted in a French pressure minicell (SLM AMINCO) at 140 MPa. Nucleic acids were digested for 2 h at 37ЊC with 1 g of RNase A (United States Biochemical) per ml and 4 g of DNase (Sigma) per ml. Cell debris was removed by centrifugation at 15,000 ϫ g for 10 min at 4ЊC followed by centrifugation at 100,000 ϫ g for 1 h at 4ЊC in a Beckman L7-65 ultracentrifuge (SW-60 rotor).
2D-PAGE. Two-dimensional polyacrylamide electrophoresis (2D-PAGE) was performed as described by O'Farrell (31), with a SE 250 Mighty Small II electrophoresis unit (Hoefer). Isoelectric focusing was done in tube gels (70 by 1.5 mm) with 2% carrier ampholytes (1.6% pH 4 to 6, 0.4% pH 3 to 10) (Bio-Rad). Proteins (100 to 150 g) were loaded on the gels. Isoelectric focusing was conducted at 15ЊC and 500 V up to equilibration (3 to 4 h), with 30 min of prefocusing at 250 V before loading the samples. Tube gels from the first dimension were incubated (10 to 15 min) in denaturing buffer (31) and placed on top of a sodium dodecyl sulfate (SDS) slab gel (23) (separating gel, 13 or 15% polyacrylamide; stacking gel, 5% polyacrylamide). Electrophoresis was carried out at 10 mA in the stacking gel and 15 mA (30 min), 12.5 mA (30 min), 10 mA (30 min), and 7.5 mA (up to 120 min) in the resolving gel. Slab gels were stained with silver (4) or Coomassie blue R-350. To determine the exact isoelectric point of the native proteins, isoelectric focusing was performed with immobilized pH-gradient gel strips (pH 4 to 7; Pharmacia). Focusing was carried out at 15ЊC and 300 V for 45 min followed by a second phase at 3,000 V for 4 h 30 min.
Protein purification. A Superose 12 gel filtration column (Pharmacia) for analytical purposes and a Superdex 75 16/60 preparative-grade column (Pharmacia) for preparative protein purification were used with 20 mM Tris-HCl (pH 7.5) as a running buffer for both columns. Two hundred microliters (Superose 12) or 4 ml (Superdex 75) of sterile-filtered whole-cell protein was injected at a flow rate of 0.3 or 1.5 ml/min, respectively. An anion-exchange Mono Q HR 5/5 (Pharmacia) column was used with 20 mM Tris-HCl (pH 7.5). The protein samples collected were desalted with Nap10 columns (Pharmacia). The molecular masses of the native proteins were estimated with molecular weight markers (MW-GF-70 KIT; Sigma) and a Superose 12 gel filtration column (0.5 ml/min; 20 mM Tris-HCl [pH 7.5], 0.1 M to 1 M NaCl). For each calibration protein, the ratio of the elution volume, V e (top of the peak used for calculation), to the exclusion volume, V 0 (determined with blue dextran), was calculated and plotted versus the logarithm of its molecular mass.
Polyclonal antibodies. By using carbodiimide, 2 mg of purified CspA was coupled to the carrier protein keyhole limpet hemocyanin (Sigma). Aliquots were mixed with an equal volume of complete Freund's adjuvant for the first injection and with incomplete Freund's adjuvant for the following injections. Polyclonal antibodies were raised in rabbits by subcutaneous injections at 3-week intervals on five occasions.
Western blotting (immunoblotting) and N-terminal amino acid sequencing. The cytosolic proteins of a B. cereus culture grown at 7ЊC to the mid-log phase were separated by 2D-PAGE, transferred to a polyvinylidene difluoride (PVDF) membrane (Immobilon P; Millipore) by semidry, discontinuous horizontal electroblotting (22) for 1 hour at 0.8 mA/cm 2 , and stained with Coomassie blue R-350 (Pharmacia). Immunoblotting was performed as described previously (16) with Blotto-Tween (5% [wt/vol] nonfat dry milk powder, 0.2% Tween 20, 0.02% sodium azide in phosphate-buffered saline) as the blocking solution, anti-rabbit alkaline phosphatase (Sigma) as the secondary antibody, and BCIP-NBT (5-bromo-4-chloro-3-indolylphosphate toluidinium-nitroblue tetrazolium) as the substrate. After SDS-PAGE and blotting on a PVDF membrane (Immobilon P; FIG. 1. 2D-PAGE of cytosolic proteins of B. cereus WSBC 10201 grown at 30ЊC (A) and 7ЊC (B). Gels were silver stained as described by Blum et al. (4) . The proteins of the B. cereus cold shock family, proteins a, b, c, d, and e, are indicated by triangles, and those being cold induced at 7ЊC are boxed. Since protein a is the major cold shock protein, it is designated B. cereus CspA. Two other proteins with an enhanced expression at 7ЊC are indicated by circles. Since they were not further characterized, they are not designated. Numbers on the left indicate molecular mass markers in kilodaltons. Millipore), the amino-terminal sequences of CspA and protein c (see Fig. 1 ) were determined from the purified proteins with an Applied Biosystems 477A protein sequencer. Proteins d and e (see Fig. 4 ) were excised from 10 twodimensional gels that had been blotted on PVDF membranes, pooled, and sequenced by Eurogentec, Seraing, Belgium.
Probing a genomic phage library of B. cereus WSBC 10201. The construction and amplification of the B. cereus genomic library using a GEM11 vector were carried out as described in the supplier's manual (Promega). Chromosomal DNA of B. cereus WSBC 10201 was isolated by the method of Wilson (48) . Following partial digestion with BamHI, DNA fragments of between 15 and 23 kb were isolated, ligated into the arms of lambda GEM11 vector, and packaged. Freshly prepared E. coli LE392 cells were infected, and after incubation at 37ЊC overnight, phage particles from plaques were transferred onto positively charged nylon membranes (Qiagen), and phage DNA was fixed by standard procedures (37) . For probing the phage library, the following oligonucleotide probes were used: the degenerate cspA/1-27 (P1, 5Ј-ATG ACW GTW ACW GGW CAA GTW AAA TGG-3Ј), which was 3Ј-end labeled with digoxigenin by use of terminal transferase (Boehringer Mannheim), and the cspA family probe (see Results), labeled with dig-11-dUTP (Boehringer Mannheim) during PCR amplification. Southern blot and plaque hybridizations were carried out overnight in standard 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) with blocking solution (Boehringer Mannheim) at 52 to 54ЊC for the cspA/1-27 and 60 or 65ЊC for the cspA family probe. In both cases, filters were washed twice with 2ϫ SSC-0.1% SDS for 1 min and then for 10 min at room temperature. Afterwards, the cspA/1-27 filters were washed with 2ϫ SSC-0.1% SDS and the cspA family probe filters were washed with 0.1ϫ SSC-0.1% SDS for 15 min at hybridization temperature. Hybridized probes were detected by chemiluminescence as described in the manufacturer's manual (Boehringer Mannheim). Positive plaques were transferred to 1 ml of SM buffer containing 40 l of chloroform. Small-scale phage DNA preparations were performed with ion-exchange columns (Qiagen), and for large-scale preparations, phages were purified on preformed CsCl gradients and phage DNA was isolated by standard procedures (37) .
Inverse PCR. Inverse PCR was performed as described by Silver (44) . Chromosomal DNA of B. cereus WSBC 10201 was digested with different restriction enzymes (ClaI, HindIII, and EcoRI), separated on 0.8% agarose gels, vacuum blotted on nylon membranes, and hybridized with the labeled oligonucleotide cspA/1-27 (P1). The corresponding DNA fragments from the ClaI digest were isolated from a preparative agarose gel by silica gel membrane purification (Qiagen). DNA was diluted to approximately 1 g/ml and self-ligated at 14ЊC for 14 h. Ethanol-precipitated DNA was resuspended in 10 l of H 2 O (Milli Q), and 2 l was used as a template for PCR amplification with the specific primers cspA/96-114inv (P3) and cspA/146-164 (P4) derived from the sequence of cspA obtained in the first PCR (see Results).
DNA cloning and sequencing. DNA fragments were ligated to the cloning vector pBluescriptII SK Ϫ (Stratagene), which had been linearized with suitable endonucleases and treated with shrimp alkaline phosphatase (United States Biochemical). Ligation mixtures were desalted with dialysis membranes (Millipore) and electroporated under standard conditions (10) into E. coli DH5␣ MCR. PCR products were ligated into the pCR TM II cloning vector (Invitrogen) as recommended by the supplier's manual and transformed into competent cells of E. coli DH5␣ FЈ (Invitrogen). Colonies harboring recombinant plasmids were selected by blue-white screening, and plasmids were isolated by minipreparations through alkaline lysis by standard procedures (37) . Nucleotide sequence analysis was carried out by the dideoxy chain termination method and the Sequenase version 2.0 sequencing kit (United States Biochemical). Direct sequencing was carried out as described by Casanova et al. (7) with 75 s of labeling and 5 min of termination. DNA sequences were analyzed with the DNASIS and PROSIS programs from Hitachi. Molecular weight calculation of DNA fragments was carried out with the Image Master 1D program from Pharmacia.
Band shift experiments. Band shift studies were carried out as described by Graumann and Marahiel (15) and Schröder et al. (42) by use of the same oligonucleotides used in the latter work. Ten picomoles of the synthetic oligonucleotides 54YB
ϩ (5Ј-GAATCGCAGACGTGGGAATCCTACTGATTGG CCAAGGTGCTGGTGGTGTGTGG-3Ј) and 54YB
Ϫ (5Ј-CCACACACCACC AGCACCTTGGCCAATCAGTAGGATTCCCACGTCTGCGAATTC-3Ј) and the control oligonucleotide 54 NS (5Ј-CATGCTGCGTGAACAGGTTGCTC AGCTGAAAGAGAAAGTTGGTGAACGTTGATA-3Ј), which had no Y-box motif, were mixed with various amounts of CspA and CspE (i.e., protein e) in binding buffer A (50 mM NaCl, 20 mM Tris-HCl [pH 8.6], 5 mM MgCl 2 , 6% glycerol) in a total volume of 10 l. Reaction mixtures were incubated for 30 min at 25ЊC, mixed with 5 l of probe buffer (10% glycerol, 0.1% bromophenol blue), and loaded onto a 15% nondenaturing polyacrylamide gel (containing 1ϫ TBE [10.8 g of Tris per liter, 5.5 g of boric acid per liter, 9.3 g of EDTA per liter]). PAGE was performed in a SE 250 Mighty Small II electrophoresis unit (Hoefer) at 10 mA and 25ЊC in 1ϫ TBE per gel. To visualize oligonucleotides, the gels were stained for 20 min in a TBE-ethidium bromide solution, destained in TBE, and photographed. 
RESULTS
Cold-stress-induced proteins of B. cereus. At least three proteins which are strongly expressed during growth at 7ЊC but which are not expressed, or only very slightly, at 30ЊC can be detected by 2D-PAGE (Fig. 1) . The most highly expressed of these cold-inducible proteins (protein a), a small protein with a molecular mass of approximately 7.5 kDa, had an isoelectric point of 4.9. It was also strongly expressed after cold shock of 30 to 7ЊC (data not shown) and was designated CspA (major cold shock protein) of B. cereus, according to the E. coli nomenclature. The two other cold stress proteins, indicated by circles in Fig. 1 , have molecular masses around 35 and 30 kDa and pIs of near 4.7 and 5.1, respectively. These larger proteins have not been studied in this work. In addition to CspA, four very similar small proteins can be identified on 2D-PAGE (proteins b to e). At least one of them, protein b, is also cold induced (Fig. 1B, see box) .
Purification of B. cereus CspA. CspA was purified by gel filtration and anion-exchange chromatography. Figure 2A shows that in the first purification step, CspA and the other small proteins eluted in the same fraction at an apparent molecular mass of approximately 60 kDa (as determined by gel filtration without NaCl). Anion-exchange chromatography resolved this protein cluster into two main fractions comprising two proteins each (Fig. 2B) . In a second anion-exchange chromatography, CspA was obtained in pure form as determined by a silver-stained SDS-polyacrylamide gel (Fig. 2C, fraction  B) . Additionally, one of the other small proteins, protein e, (Fig. 2B, fraction B ) was purified such that only traces of two additional proteins were detected on silver-stained gels (Fig. 3,  inset lane B) . The apparent molecular weights of purified CspA and protein e were determined at different sodium chloride concentrations (Fig. 3) . Both proteins eluted as homodimers (Fig. 3, inset, lanes A and B) at an apparent molecular mass of about 15 kDa in the presence of 0.1 M NaCl and as monomers at 1 M NaCl. The elution profiles in the presence of 0.3 and 0.5 M NaCl indicated the presence of mixtures of monomers and dimers, since these peaks eluted between those obtained at 0.1 and 1 M NaCl, and the ratio of peak height to peak width was lowest at 0.3 and 0.5 M NaCl (data not shown).
Immunoblotting and N-terminal amino acid sequences. Polyclonal antibodies directed against CspA of B. cereus were used to determine whether the other proteins of similar size and pI shown in Fig. 1 were related to CspA. Figure 4 shows that besides CspA, five proteins of nearly the same molecular weight and pI cross-reacted with the antibody. The fifth protein (protein f) was expressed at such a low level that it had not been visible on silver-stained two-dimensional gels. To be able to synthesize probes complementary to the genes encoding CspA and the other small proteins, we determined the aminoterminal sequences of CspA, protein c, protein d, and protein e. The amino acid sequences obtained are shown in Table 2 .
Cloning and sequencing of the B. cereus cold shock gene family. The following PCR primers for partial amplification of the gene encoding CspA were used (Fig. 5) : cspA/1-27 (P1; 5Ј-ATG ACW GTW ACW GGW CAA GTW AAA TGG-3Ј), deduced from the amino-terminal sequence of B. cereus CspA, and ccspBinv (P2; 5Ј-GCW GCT TGY GGT CCG CGG TTT CC-3Ј), deduced from the carboxy terminus of the B. subtilis cold shock gene cspB (47) . PCR was carried out with chromosomal DNA of B. cereus WSBC 10201. The amplificate was cloned, and the inserts of four positive clones were sequenced, yielding two different sequences, each from two different clones. One derived amino acid sequence was identical to the N-terminal sequence of CspA (Fig. 5A ). The other one was similar but clearly different, and the gene fragment was designated cspE-PCR1 (see Fig. 5C ). Since both sequences showed an identity of 82%, another PCR assay was performed under identical conditions, and the PCR product was directly labeled to obtain a probe for screening genomic libraries. The resulting probe was designated the cspA family probe. To find or complete the sequences for the genes coding for the proteins of the B. cereus CspA family, a genomic phage library of B. cereus WSBC 10201 DNA was screened with the probes described above. Three different genes, designated cspB (partially located on a HindIII fragment of 1.5 kb), cspC (found on a HindIII fragment of 2.4 kb), and cspD, were found. cspD could not be subcloned in E. coli, and therefore its sequence was derived directly from lambda GEM11-cspD phage DNA. The strategies for sequencing these genes are described in Table 3 . The DNA sequences are given in Fig. 6 . The deduced protein, CspD, was correlated to protein d ( Table  2) .
The genes encoding the major cold shock protein, CspA, and CspE were not found by this method since we were not able to identify phages carrying the desired inserts. To get more specific probes, the PCR sequences of cspA and cspE were compared with the sequences of cspB to cspD. Specific oligonucleotides cspA/96-114inv (P3; 5Ј-ACC ATC AGT TTC GAT TGC A-3Ј), cspA/146-164 (P4; 5Ј-GCT TCG AAA TCG AAG AYG G-3Ј), and cspE/96-114inv (P5; 5Ј-GCC GTC GCC AGT GAT AGC T-3Ј) were designed and 3Ј-end labeled with digoxigenin.
To obtain the sequence of cspA, Southern blot analysis of restricted chromosomal DNA was performed with the probe cspA/96-114inv, and one hybridizing band was seen in digests with each restriction enzyme used (data not shown). Different approaches to subclone this fragment failed. Therefore, inverse PCR from a self-ligated 790-bp ClaI fragment with the primer pair cspA/96-114inv (P3) and cspA/146-164 (P4) (Fig.  5B ) was performed. The resulting PCR product (cspA-PCR2) was directly sequenced. The sequence of this PCR product was identical in the regions where it overlapped cspA-PCR1 (Fig.  5A ). In addition, the amino acid sequence deduced corresponded to the N-terminal sequence obtained from the puri- Table 1 ), and PCR was performed as described in Results. Since this plasmid was not transformable into E. coli, it was not named. With the primer pair P5 and T3, we obtained a 570-bp amplificate (cspE-PCR2), which was ligated to pCR TM II and transformed into E. coli. The insert was sequenced with the standard primers M13 reverse and T7 as indicated. Fig. 6 . To complete the sequence of cspE, chromosomal DNA restricted with different endonucleases was hybridized to cspE/ 96-114inv (P5), and 1.35-kb fragments of an SspI digest were isolated from a preparative agarose gel and ligated into the SmaI site of pBS (Fig. 5D ). Four different PCRs were then performed with the oligonucleotides cspE/96-114inv (P5) and cspA/146-164 (P4) as first primers, and, alternatively, the standard sequencing primers T3 and T7 as second primers. South- ern blot analysis of the PCR products with the labeled oligonucleotide cspA/1-27 gave a strong signal with a 570-bp DNA band generated by amplification with primer cspE/96-114inv (P5) and T3 as the second primer (Fig. 5D ). This fragment (cspE-PCR2) was cloned, and the plasmid pCSPEPCR2 carried the desired insert. With cspA/146-164 (P4) as the first primer, we obtained no clone carrying the 3Ј-prime end of cspE, which is therefore still missing. Again, the sequences resulting from both PCR approaches were identical in their overlapping regions. They were matched to get the sequence information given in Fig. 6 . The deduced partial protein sequence of CspE was correlated to that of protein e (Table 2) . Protein sequence comparison of the B. cereus CspA-related protein family. Figure 7 depicts an alignment of the derived amino acid sequences of CspA, CspB, CspC, CspD, and the partial sequence of CspE of B. cereus. CspA encodes a polypeptide of 67 amino acids (7.49 kDa), CspB and CspC encode a polypeptide of 65 amino acids (7.21 and 7.30 kDa), and CspD encodes a polypeptide of 66 amino acids (7.21 kDa). Similar to the Csp proteins of E. coli, the members of the B. cereus CspA family have a high content of aromatic amino acids (8 residues), one conserved histidine (His-30 in CspA), and one conserved arginine (Arg-57 in CspA), except for CspC, which contains three arginines. In addition, a high glycine content was found for all five proteins (at least 8 residues), none of them contains a cysteine, but all carry a large number of charged residues (18 and more). Table 4 shows the identities of the members of the B. cereus protein family compared with other cold shock proteins (CspB of B. subtilis, CspA to CspE of E. coli, SC7.0 of S. clavuligerus) and with the cold shock domain of the human Y-box protein, YB1. The major cold shock protein of B. subtilis (CspB) shows the most pronounced identities to all five B. cereus proteins. It is striking, though, that the identity of the major cold shock protein of B. subtilis, CspB, to the non-cold-regulated protein CspD of B. cereus (86%) is higher than that to the major cold shock protein of B. cereus, CspA (71%). The cold shock proteins of E. coli and S. clavuligerus show identities to the B. cereus proteins of between 44 and 66%, and the identity to the cold shock domain of YB1 is around 40%. CspD of E. coli has the lowest identities to the other E. coli proteins and towards the members of the B. cereus protein family.
Band shift experiments. DNA binding studies of purified B. cereus CspA and CspE (compare CspA and protein e in Fig. 4 ) were carried out with three 54-bp single-stranded DNA oligonucleotides containing either the ATTGG motif (54YB (47) , E. coli (CspA) (13) , and S. clavuligerus (SC7.0) (2) , and the cold shock domain of the human Y-box protein (YB1) (9) . The position of the first amino acid on each line is shown. Identical amino acids are indicated by small filled circles; gaps are indicated by dashes. Amino acids in double frames demonstrate the conserved residues responsible for binding the ATTGG or CCAAT sequence (40) (41) (42) . Shaded amino acid sequences indicate RNA-binding motifs; darkly shaded sequences show the RNP1 motif (24, 42) with the first six residues highly conserved; lightly shaded amino acids indicate part of the RNP2 motif (40, 42) .
DNA-binding capacity of CspA may be slightly less than that of CspE, since complete retardation of the oligonucleotide is detected at a 15-fold molar excess of CspA (Fig. 8, lane 5) , while only a 10-fold molar excess of CspE yielded the same retardation (Fig. 8, lane 8) . The binding of these proteins to double-stranded DNA has not yet been investigated.
DISCUSSION
CspA of B. cereus is highly homologous to other cold shock proteins. The amino acid sequence of B. cereus CspA ( Fig. 7 ; Table 4 ) clearly showed that it is similar to the cold shock proteins of E. coli (CspA; 63%), B. subtilis (CspB; 71%), and S. clavuligerus (SC7.0; 58%), as well as to newly identified cold shock genes of Listeria monocytogenes and Pseudomonas mesacidophila (12a) . Genes hybridizing with an E. coli cspA probe were also detected in various gram-negative and grampositive bacteria, but not all of the species examined gave a signal with the probe (34) . In addition, homologs of the B. subtilis cold shock gene, cspB, were identified in one psychrotrophic, one mesophilic, and two thermophilic Bacillus species (B. globisporus, B. globigii, B. caldolyticus, and B. stearothermophilus). They showed more than 80% identity to CspB at the amino acid level (43) . It is interesting that in cold acclimation studies using Pseudomonas fragi, two small proteins that seem to be very similar to CspA of B. cereus were found; they had molecular masses of 7.0 and 8.0 kDa and pIs of 5.93 and 5.86, respectively. Both disappeared during growth at 30ЊC. Anti-C8.0 serum also cross-reacted with CspA of E. coli (17) . Clearly, these genes occur in a wide range of bacteria.
B. cereus harbors a cold stress protein family. Purified polyclonal antibodies raised against CspA of B. cereus cross-reacted strongly with five proteins very similar in size and pI (Fig.  4) . Nucleotide sequence analysis of five B. cereus proteins (Fig.  6 ) clearly showed that they form a CspA-related protein family (Table 4) . Besides CspA, we could clearly correlate two proteins from the immunoblot to the genes identified (proteins d and e to cspD and cspE, respectively). Immunological data as well as the amino-terminal sequence of protein c clearly show that a sixth protein of this family exists in B. cereus. In E. coli, a similar protein family was described, consisting of five proteins, two of them being cold induced (19, 26, 49) . In the psychrotrophic B. cereus strain we investigated, expression of CspA is very strong during growth at low temperature as well Fig. 7 indicate conserved amino acids that are necessary for binding of the protein to the DNA Y-box motif (30, 39, 41, 42) . All five B. cereus proteins contain those amino acids as well. It has been shown that recombinant CspB of B. subtilis (15, 41) and recombinant CspA of E. coli (20, 25, 39) bind to the singlestranded DNA Y-box motif. In this study, the ability to bind to the ATTGG and CCAAT motifs was shown for the native proteins, CspA and CspE, of B. cereus by band shift experiments (Fig. 8) . The affinity of CspA for the 54YB ϩ oligonucleotide containing the ATTGG sequence was lower than that of CspB from B. subtilis as the latter needed only a threefold molar excess over the oligonucleotide for total retardation, while CspA required a 15-fold molar excess (15, 42) . The cause for this difference is unclear and might be due to the different amino acid sequences of the proteins but also to the fact that CspB was purified from recombinant E. coli cells (47) while our proteins were purified from crude extracts of wild-type B. cereus.
It was reported that the B. subtilis cold shock protein CspB forms dimers in its crystal form (40) . On the other hand, CspA of E. coli was not found to be a dimer in such studies (39) . Dimerization and oligomerization have been described for Ybox factors (8) , but recombinant CspB from B. subtilis apparently does not form dimers in solution (see reference 42 and Fig. 3 therein) . We found that in the presence of 100 mM NaCl, purified CspA and CspE elute at an apparent molecular mass of 15 kDa. These two proteins of the cold shock protein family, at least, form dimers, which are composed of identical subunits (Fig. 3, inset) , while human Y-box binding proteins form heterodimers (8) . At higher salt concentrations (1 M NaCl), they elute as monomers (Fig. 3) . Since in vivo the proteins of the cold shock family are mixed, CspA and CspE may form homo-as well as heterodimers, perhaps including the other proteins of the family, which might increase specificity or affinity for DNA or RNA binding. The fact that the CspA family proteins elute at an apparent molecular mass of about 60 kDa from a gel filtration column without NaCl in the running buffer ( Fig. 2A ) may indicate that they form even higher oligomers. However, the complete cytoplasmic protein fraction was separated in this experiment and nonspecific interactions cannot be excluded.
Not much is known about the function of cold shock proteins. While it is quite clear that some of the cold shock proteins are transcriptional regulators (20, 25, 49) , the mass of protein continuously produced during growth at low temperature in the case of B. cereus clearly suggests an additional function (19) . Interestingly, cspB mutants of B. subtilis revealed a higher sensitivity to freezing than the parental strain (47) . Another significant feature of these small proteins is the presence of two RNA-binding motifs (6, 24, 29, 40, 42) (Fig. 7,  shaded) . Although we did not demonstrate the RNA-binding capacity of CspA, the protein might serve as an RNA chaperone (11), interacting with folded mRNA molecules at low temperature. Since it is known that translation is quite sensitive to low temperature (5), it is tempting to speculate on the basis of structural analogy that increased RNA-binding capacity may constitute a possible adaptation of psychrotrophic B. cereus.
